Objective: To evaluate the clinical efficacy and safety of a transcatheter arterial embolization (TAE) with N-butyl cyanoacrylate (NBCA) for the treatment of arterial esophageal bleeding.
woman, with an age range of 41-72 years (mean age, 59 years). Prior endoscopic treatment had failed in two patients and was not attempted in three patients because a skillful endoscopist was not available at that time or patients could not cooperate performing endoscopic treatment. We have described two of these cases in a previous report (9) . Our Institutional Review Board approved this study, and patient informed consent was waived due to the retrospective nature of the study.
We used NBCA (Histoacryl; B. Braun, Melsungen, Germany) as an embolic agent in all five patients. The choice of NBCA as an embolic material in gastrointestinal bleeding patients has been common at our institution if we succeeded in the superselection of the small bleeding artery. We performed a diagnostic angiography to localize the bleeding site after a common femoral artery puncture. Our routine angiography protocol included a thoracic aortography and left gastric angiography. If we failed to show evidence of bleeding on aortography and left gastric angiography, we performed a selective angiography of the intercostal artery, bronchial artery, left inferior phrenic artery and tried to search for the esophageal artery directly from the aorta. After confirming the active bleeding, we advanced a 2.4-Fr tip microcatheter (Microferret; Cook, Bloomington, IN) or 2.0-Fr tip microcatheter (Progreat; Terumo, Tokyo, Japan) as close as possible into the bleeding esophageal artery. Next, we mixed NBCA with iodized oil (Lipiodol; Andre Guerbet, Aulnay-Sous-Bois, France) at ratios varying from 1:1 to 1:4. Prior to injection of the NBCA mixture, we flushed the microcatheter with a 5% dextrose solution to prevent premature polymerization of the mixture within the microcatheter. We injected the NBCA mixture using a 1 mL syringe under fluoroscopic monitoring. Next, we performed a post-embolization angiography to evaluate the effectiveness of the treatment.
We retrospectively evaluated the technical and clinical success, recurrent bleeding, procedure-related complications and clinical outcomes of each patient. We defined technical success as a successful superselection of the bleeding vessel and delivery of the NBCA mixture, as well as an angiography after embolization that showed no evidence of active bleeding (i.e., the presence of a pseudoaneurysm or extravasation of contrast agent). We defined clinical success as clinical improvement without evidence of bleeding for the next three days (i.e., clearing of the nasogastric aspirate and stabilization of the hemoglobin level). Patients who met one of the following criteria were considered to have coagulopathy: a prothrombin ratio greater than 1.5, a partial thromboplastin time greater than 45 seconds or a platelet count less than 80,000/μ L (2, 10, 11).
RESULTS
The clinical and angiographic data of the five patients are summarized in Table 1 . We diagnosed four of the five patients with coagulopathy at the time of embolization. As well, four of five patients had bleeding esophageal arteries, which originated directly from the aorta (Fig. 1) . The fifth patient (patient 2) had a bleeding esophageal artery that originated from the left inferior phrenic artery (Fig. 2) . For all the five patients, the bleeding site was located at the distal esophagus. Further, the angiographic findings in all five patients indicated extravasation of contrast agent. Each patient showed clearing of the nasogastric aspirate and stabilization of the hemoglobin level without additional transfusion after embolization, and in turn achieved technical and clinical success. Further, there was no evidence of symptomatic esophageal infarction or other major complications directly related to NBCA embolization in any of the patients. One patient (patient 4) underwent a follow-up endoscopic evaluation five days after the embolization, and we found no esophageal ischemia. In spite of the successful embolizations, four patients expired during hospitalization due to other underlying conditions such as sepsis or multi-organ failure. The fifth patient recovered without further complications.
DISCUSSION
N-butyl cyanoacrylate starts to polymerize with the bonding of the ethylene units when exposed to anions such as the hydroxyl moieties in water or numerous anions present in blood. Because of its low viscosity, NBCA is easy to deliver through microcatheters even if the 
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catheters have tortuous running pathways. Moreover, the lack of radiopacity and polymerization time when in contact with blood can be modified by the addition of an oily contrast medium such as Lipiodol (12, 13) . This allows the operator to control the degree of distal vessel penetration as well as facilitate the occlusion at or significantly beyond the catheter tip. In effect, when blood velocity is low and the catheter tip cannot be placed near the locus of hemorrhaging, lowering the concentration NBCA and releasing it in a far proximity to the target may allow the intended goal to take effect. In turn, when blood velocity is high and the catheter tip can be placed near the locus of hemorrhaging, increasing the concentration of NBCA and releasing it in close proximity to the target, may also allow the intended goal to take effect. Furthermore, as the embolization time was significantly shorter in patients who received NBCA, compared to patients that did not receive the agent, this situation is advantageous to the operator in an urgent or emergency situation (14) .
The arterial blood supply of the esophagus is divided into three parts. Primarily, the descending branches of the inferior thyroid artery supply the cervical esophagus. Branches of the bronchial arteries, and one or two esophageal arteries that arise directly from the aorta, supply the midthoracic portion. Lastly, branches of the left gastric or left inferior phrenic arteries supply the distal portion (6, 15) . Interventional radiologists should be aware of variations in the arterial blood supply of the esophagus for a complete investigation of a bleeding focus. Branches of the subclavian, thyroidea ima, common carotid, or superior thyroid arteries may also supply the cervical esophagus. Branches of the right third or fourth intercostal arteries may also supply the midthoracic esophagus. Lastly, branches from the celiac, splenic, short gastric, or left hepatic arteries may supply the distal esophagus (6, 16) .
The origins of previously embolized esophageal arteries varied and have included an esophageal branch that arose from the thoracic aorta (6, 8) , an esophageal branch that arose from the right intercostal artery (7) and an esophageal branch that arose from the left gastric artery and inferior phrenic artery (5). In our study, the embolized esophageal branches originated from the aorta in four patients, and from the left inferior phrenic artery in one patient. Also, although all five patients had bleeding at the distal esophagus, there was no bleeding from the left gastric artery.
The various types of embolic materials used for the embolization of esophageal artery include gelatin sponge particles (5, 6), polyvinyl alcohol particles (7), and microcoils (8) . As the esophageal arteries form collateral capillary networks before they penetrate the esophageal muscle layer and perfuse the submucosa (8), they can cause back bleeding (hemorrhaging from potential collateral channels) that is of concern. For this reason, in a case report on embolization of arterial esophageal bleeding with microcoils, Vogten et al. (8) catheterized another two esophageal branches after embolization just proximal and distal to the embolized branch. In our study, back bleeding from collateral channels did not occur. We believe that due to its liquid characteristics, NBCA can penetrate potential collateral channels and effectively embolize the channels with a single injection if properly mixed with oily contrast medium. Recently, NBCA has been used as an embolic agent in upper gastrointestinal bleeding patients with promising results (9, 17) . In addition, Toyoda et al. (14) reported a significant reduction in the time of completion for a TAE with NBCA for the treatment of gastric or duodenal ulcer bleeding than TAE without NBCA. In a study of the embolization of acute upper gastrointestinal bleeding, Lee et al. (17) reported the practical application of controlling NBCA concentration when the bleeding artery could not be catheterized. They occluded the distal portion to the orifice of the bleeding vessel with a very slow injection rate of a higher concentration (40%) of NBCA. Next, the microcatheter was withdrawn to the proximal portion for continuous injection. If the catheter could not reach the distal portion of the orifice of the bleeding artery, 20-30% NBCA was injected at a proximal segment.
The diagnosis of coagulopathy in patients has been shown to adversely affect the success rate of embolotherapy in gastrointestinal bleeding, as well as an increase in the odds for clinical failure, which ranges from 2.9 to 19.46 (2, 10, 11) . However, previous studies have reported that the use of NBCA was accompanied with a high angiographic and clinical success rate for cases of upper gastrointestinal bleeding in patients with coagulopathy (9, 17) since NBCA does not require the coagulation process for its effect. Similarly, although four of the five patients in our study had coagulopathy, we achieved technical and clinical success in all five case studies.
With the advancement of microcatheter and embolic agents, TAE quickly has become a safe and effective treatment for many cases of upper gastrointestinal bleeding (1, 9, 17) . Although the first line therapy for esophageal hemorrhage is endoscopy (1), a TAE can be an alternative option for arterial esophageal bleeding when a skillful endoscopist is not available, endoscopic hemostasis fails, or patients could not cooperate to undergoing endoscopic treatment.
Our study has several limitations. First, the study population is so small because arterial esophageal bleeding is a very rare condition. Second, four patients died within one month after the embolization, due to various underlying disease.
In conclusion, we suggest that NBCA can be an effective and feasible embolic agent in patients with arterial esophageal bleeding, even in patients with coagulopathy. Patients with arterial esophageal bleeding should undergo a careful search for the esophageal branch that directly arises from the aorta.
